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Release of mitochondrial contents often
triggers inflammation and cell death, and
modulating this process can be advanta-
geous to invading pathogens. In this issue
of The EMBO Journal, Andree and collea-
gues reveal new findings that an intracel-
lular bacterial pathogen exploits apoptotic
machinery to suppress host immune
signaling, yet avoids cell death. This study
emphasizes the need to expand our under-
standing of the roles played by pro-
apoptotic proteins in non-death scenarios.
See also: M Andree et al (October 2014)
T he nature of cell death during infec-tion can have a profound effect ondisease, and therefore, microbial
invaders often interfere with the execution
of cell death programming. The signals sent
by dying cells can be stealthy or inflamma-
tory (Fink & Cookson, 2005). Some patho-
gens, such as Yersinia pestis, induce cell
death to eliminate immune cells, allowing
the microbes to disseminate and cause
disease (Ashida et al, 2011). In contrast, cell
death can be an efficient defense against
intracellular pathogens, like Shigella, by
eliminating the replicative niche; thus, it can
be advantageous to the pathogen to circum-
vent cell death.
The mitochondrial network, which
houses the cellular metabolic machinery, is
integral to programmed cell death. Mito-
chondria serve as central hubs for receiving
and generating cellular stress signals.
Release of mitochondrial components like
ROS, mtDNA or intermembrane space (IMS)
proteins, generally triggers inflammation
and/or cell death (West et al, 2011). The
canonical apoptosis program relies on pro-
apoptotic proteins located in the mitochon-
drial IMS. Rapid decreases in mitochondrial
membrane potential (Dwm) induce release of
IMS proteins into the cytosol, leading to acti-
vation of caspases and other regulators of
apoptosis (Tait & Green, 2010). Two IMS
proteins, second mitochondria-derived acti-
vator of caspases (SMAC) and HtrA2/OMI,
are critical to the death rheostat. These
proteins are potent antagonists for the inhib-
itor of apoptosis protein (IAP) family (Tait &
Green, 2010). For example, X-linked inhibi-
tor of apoptosis (XIAP), is antagonized by
SMAC/OMI in Fas-mediated cell death.
While the involvement of XIAP in apoptosis
has been well studied, recent evidence high-
lights an additional function for XIAP in
immune signaling. Mice deficient in XIAP
are more susceptible to infection by intracel-
lular pathogens and exhibit reduced proin-
flammatory cytokine production (Bauler
et al, 2008; Prakash et al, 2010). Upon acti-
vation of the Nod-like receptors, NOD1 or
NOD2, XIAP facilitates NF-jB activation,
leading to proinflammatory gene transcrip-
tion (Krieg et al, 2009). These studies indi-
cate a key role for XIAP in innate immunity
and suggest that XIAP-dependent innate
immune signaling might be targeted by
intracellular pathogens.
Andree et al (2014) now demonstrate
that Shigella uses the antagonistic functions
of SMAC/OMI to suppress innate immune
function in the absence of cell death, reveal-
ing a new mechanism to promote infection.
Infection by invasive Shigella triggered
XIAP-mediated NOD1 signaling, which
initially resulted in NF-jB activation and
cytokine production. However, NF-jB acti-
vation and cytokine production decreased as
infection progressed. Concomitant with the
decline of NF-jB activation, release of SMAC
and OMI from the mitochondria of infected
cells steadily increased. SMAC bound to
XIAP during the Shigella infection, disrupt-
ing the interaction between XIAP and RIP2,
which is required for NOD-dependent NF-jB
activation. Release of IMS proteins into the
cytosol is generally indicative of apoptosis,
but Shigella-infected cells did not show typi-
cal characteristics of programmed cell death.
Activation of pro-apoptotic caspases and
PARP cleavage were absent in Shigella-
infected cells, and Dwm, which drops during
apoptosis, remained intact. These observa-
tions suggest that Shigella suppresses innate
immune responses, while maintaining
viability of the host cell to support the
replicative niche.
How could SMAC/OMI be released from
the mitochondria without apparent dysfunc-
tion? Andree et al investigated the possibility
that a pro-apoptotic member of the BCL2
protein family mediated the release of
IMS proteins by mitochondrial outer
membrane permeabilization. During Shigella
infection, Bid was the only activated BCL2-
family protein associated with mitochondria.
Knockdown or knockout of Bid led to an
increase in NF-jB activation upon Shigella
infection, as well as a decrease in SMAC/
OMI release into the cytosol. Activation of
Bid by cleavage can be carried out by several
host proteases, including caspase-8, cathep-
sin, and calpain, with caspases predomi-
nantly cleaving Bid during apoptosis.
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Bid from Shigella-infected cells was trun-
cated at the calpain cleavage site, and
inhibition of calpain in Shigella-infected
cells decreased Bid cleavage and prevented
SMAC release. Taken together, these data
reinforce the pivotal role of XIAP in facilitat-
ing immune responses against intracellular
pathogens and reveal a mechanism by
which the mitochondrial proteins, SMAC
and OMI, can be exploited to establish an
immunosuppressive environment during
infection.
This study provokes many questions
about the roles and regulation of mitochon-
drial proteins during conditions of cellular
stress. Although Andree et al demonstrated
that Bid was important for SMAC/OMI
release, it remains unclear how these
proteins escape the mitochondrial IMS. The
three mechanisms by which IMS proteins
are known to be released from mitochondria
are formation of Bax/Bak pores, opening of
the mitochondrial permeability transition
pore (MPTP) or outer membrane rupture
(Tait & Green, 2010) (Fig 1). SMAC/OMI
release during Shigella infection did not
appear to be dependent on any of these
routes, suggesting an unknown mechanism
that selectively releases SMAC/OMI into the
cytosol. The release of IMS proteins is often
associated with cellular damage, resulting in
cell death; however, in this study, SMAC/
OMI release was not coincident with other
indicators of mitochondrial stress and was
not lethal. It may be that low levels of stress
trigger selective release of IMS proteins,
which induce immunosuppressive or ‘safe’
responses, whereas high stress levels, for
example, all IMS proteins released, induce
proinflammatory or ‘danger’ signals that
eventually result in cell death. If so, it is to
the advantage of intracellular pathogens to
trigger minimal stress in the infected host
cell. Lastly, this study illuminates additional
roles for ‘pro-apoptotic’ proteins that may be
distinct from their function in programmed
cell death. In addition to the work by
Andree et al, other studies provide evidence
that pro-apoptotic proteins like Bid, Bcl-XL,
and caspases, modulate signaling indepen-
dently of cell death (Bruey et al, 2007;
Yeretssian et al, 2011). Thus, regulators of
host cell death machinery may be important
targets for future investigation into
mechanisms of immune modulation in infec-
tious and inflammatory disease.
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Figure 1. Mechanisms of mitochondrial outer membrane permeabilization and release of intermembrane space (IMS) proteins.
During homeostasis, mitochondria maintain high membrane potential (Dwm), an intact outer membrane, and IMS proteins, such as SMAC/OMI, are retained. In the presence
of an apoptotic signal, Dwm drops significantly, leading to the release of IMS proteins by: (A) sustained opening of the mitochondrial permeability transition pore (MPTP), (B)
Bid-mediated oligomerization of Bak and Bax on the outer mitochondrial membrane or (C) rupture of the outer mitochondrial membrane. In the case of Shigella infection,
mitochondria selectively release the IMS proteins, SMAC and OMI, by a mechanism that remains uncharacterized. This mechanism requires Bid cleavage by calpain, rather
than caspases, as would generally occur during apoptosis. Binding of SMAC/OMI to the X-linked inhibitor of apoptosis protein (XIAP) prevents the XIAP-dependent
upregulation of proinflammatory cytokines that is stimulated by infection.
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